William Dudefoi 
  
Hélène Terrisse 
  
Mireille Richard-Plouet 
  
Bernard Humbert 
  
Marie-Hélène Ropers 
  
Comparative study of E171 food grade and P25 Ti02 nanoparticles

ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

COMPARATIVE STUDY OF E171 FOOD GRADE AND P25 TiO 2 NANOPARTICLES

W. Dudefoi 1 , H. Terrisse 2 , M. Richard-Plouet 2 , B. Humbert 2 , E. Gautron 2 , M-H. Ropers Titanium dioxide (TiO 2 ) is a white metal oxide commonly used as a white pigment in various applications such as paints, cosmetic and food products. TiO 2 food additive is referred to as E171 in Europe and INS171 in North America, and is mainly used in sugar confectionary, constituting the coating of sweets and chewing-gum. Unfortunately, it was recently discovered that food grade TiO 2 exhibits a nano-sized fraction, representing up to 36% of the particles [1]. Due to the classification of TiO 2 particles as potentially harmful for humans by inhalation [2], the toxicity of ingested TiO 2 nanoparticles, in general, needs to be evaluated and more specifically, with food grade particles. However, the reference particles are mostly the very well-known Degussa P25 particles, a kind of TiO 2 particles widely used for photocatalytic applications [3]. In this study, we evaluated whether P25 and food grade particles are similar. For this purpose, several food grade TiO 2 samples and P25 particles were investigated for their physicochemical characteristics (size distribution, shape, crystallinity, reactivity, surface properties). Several methods relevant from physical chemistry were applied: transmission electron microscopy TEM, X-ray diffraction XRD, laser scattering particle size distribution analyzer, X-ray photoelectron spectrometry XPS, zeta potential measurements, Raman and IR spectroscopies, Inductively coupled plasma atomic emission spectroscopy ICP-AES, Diffuse Reflectance Infrared Fourier Transform Spectroscopy DRIFTS and specific surface area analysis. The results show that E171 and P25 have different compositions and surface chemistry. TEM analysis confirmed the presence of nano-sized particles in food grade TiO 2 E171, with a mean diameter of 131 nm and 26% of nanoparticles, whereas P25 particles have a mean diameter of 23 nm with 100% of nanoparticles. The E171 isoelectric points lie between pH 2 and pH 4.2, whereas P25 isoelectric point is pH 6.2. In accordance with zeta potential measurements, laser scattering particle size distribution analysis shows that E171 tend to form larger agglomerates at pH < 5 whereas P25 forms larger agglomerates at pH > 5. Moreover, XRD, XPS, FT-RAMAN, DRIFTS, surface specific area analysis and ICP-AES analysis confirmed that P25 is a mixture of 75% rutile and 25% anatase with a low degree of hydrolysed surface oxygens, whereas the crystalline variety of E171 is anatase only, coated with hydroxide in a larger extend, some organic species in variable proportions, and sometimes Silicon and Aluminum, depending on the suppliers. This work confirms the recent paper of Yang et al., 2014 [4] and provides additional data. We also found a certain heterogeneity among food grade TiO 2 samples, leading us to strongly recommend researchers to take into account the different surface chemistry of E171 particles for their studies and properly characterize their samples before each of their toxicological studies. In any case, using Degussa P25 particles does not appear to be a reliable model to study the fate of food grade TiO2 in the gastro-intestinal tract.
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